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(54) OPTICAL TRANSMISSION APPARATUS AND DETECTION APPARATUS

(57) An optical transmission apparatus includes an
optical modulator that is driven by a drive signal gener-
ated from an electrical signal obtained by performing a
digital signal processing on a data signal, a detector con-

figured to detect a change in a spectrum of output light
of the optical modulator, and a controller configured to
control the digital signal processing based on a detection
result of the detector.
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Description

FIELD

[0001] An embodiment discussed herein relates to an
optical transmission apparatus and a detection appara-
tus.

BACKGROUND

[0002] JP 2007-208472 A and JP 2008-92172 A dis-
close techniques related to an optical communication
system and an optical transmitter. According to the tech-
niques, an optical modulator and a driver (e.g. an elec-
trical amplifier) which applies a drive signal to the optical
modulator are operated in a saturated region as much
as possible to obtain stable transmission light. For ex-
ample, a drive signal having an amplitude corresponding
to a double (2 x Vn) half-wavelength voltage Vn is applied
to an optical modulator for an optical QPSK (Quadrature
Phase Shift Keying) scheme.
[0003] Meanwhile, in order to expand a transmission
distance and transmission capacity in an optical commu-
nication system, it has been studied that a digital signal
processing is applied to an optical transmitter in the op-
tical communication system. For example, it is possible
to generate signals with various formats such as a dis-
persion pre-equalization signal, a Nyquist signal and a
quadrature amplitude modulation (QAM) signal are gen-
erated by using the digital signal processing. By applying
any one of these signals as a drive signal to an optical
modulator, it is possible to generate transmission light
with the format according to the digital signal processing.
[0004] For example, by using the dispersion pre-equal-
ization signal, it is possible to compensate for wavelength
dispersion which occurs in transmission light propagating
in an optical transmission line to expand a transmission
distance of the transmission light. By using a Nyquist
signal which is subjected to a band limitation with a
Nyquist filter in the digital signal processing, it is possible
to improve frequency usage efficiency according to the
band limitation. By using a QAM signal, it is possible to
transmit a greater amount of information than that of, for
example, a phase-shift keying (PSK) signal to expand
transmission capacity.
[0005] Thus, in a case where signal lights with various
modulation formats are available by applying the digital
signal processing to the optical transmitter, the optical
modulator may be driven by a drive signal with an am-
plitude smaller than 2 x Vn. In other words, the optical
modulator and the driver may be operated in a linear
region.
[0006] In such a case, when characteristics of a drive
signal are changed, characteristics of modulated signal
light output from the optical modulator are also changed.
Such change may cause a deterioration in quality of the
modulated signal light. The above-mentioned techniques
fail to study the possibility of the deterioration in quality

of modulated signal light due to the change in character-
istics of a drive signal.

SUMMARY

[0007] In one aspect, an object of the present invention
is to prevent a deterioration in quality of signal light due
to a change in characteristics of a drive signal applied to
an optical modulator.
[0008] According to one aspect, an optical transmis-
sion apparatus may include an optical modulator, a de-
tector, and a controller. The optical modulator is driven
by a drive signal which is generated from an electrical
signal. The electrical signal is obtained by performing a
digital signal processing on a data signal. The detector
is configured to detect a change in a spectrum of output
light of the optical modulator. The controller is configured
to control the digital signal processing based on a detec-
tion result of the detector.
[0009] Further, according to one aspect, an optical
transmission apparatus may include an optical modula-
tor, a detector, and a controller. The optical modulator is
driven by a drive signal which is generated from an elec-
trical signal. The electrical signal is obtained by perform-
ing a digital signal processing on a data signal. The de-
tector is configured to detect a change in a spectrum of
output light of the optical modulator. The controller is con-
figured to notify an external apparatus of information in-
dicative of an occurrence of a band change in the output
light of the optical modulator in response to a detection
that the change in the spectrum detected by the detector
exceeds a predetermined change amount.
[0010] Furthermore, according to one aspect, a detec-
tion apparatus may include a drive signal generator and
a detector. The drive signal generator is configured to
generate a drive signal for an optical modulator from an
electrical signal. The electrical signal is obtained by per-
forming a digital signal processing on a data signal. The
detector is configured to detect a change in a difference
between optical power of a first band and optical power
of a second band. The first band corresponds to a partial
band of the spectrum including a center frequency of the
spectrum of the output light of the optical modulator. The
second band corresponds to a partial band of the spec-
trum different from the first band.
[0011] In one aspect, it is possible to prevent a deteri-
oration in quality of signal light due to a change in char-
acteristics of a drive signal applied to an optical modula-
tor.

BRIEF DESCRIPTION OF DRAWINGS

[0012]

FIG. 1 is a block diagram illustrating an exemplary
configuration of an optical transmitter according to
one embodiment;
FIG. 2 is a diagram illustrating an exemplary spec-
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trum of modulated signal light obtained by applying
a Nyquist QPSK electrical modulated signal as a
drive signal to an optical modulator illustrated in FIG.
1;
FIG. 3 is a diagram illustrating an exemplary spec-
trum of Nyquist QPSK modulated signal light to ex-
plain an example of a monitor band of the spectrum;
FIG. 4 is a diagram illustrating an example of a re-
lationship between a change in optical power meas-
ured by using a monitor illustrated in FIG. 1 and a
change in a band of the drive signal applied to the
optical modulator;
FIG. 5A is a diagram illustrating an exemplary wave-
form of a normal QPSK electrical modulated signal
which is a non-Nyquist QPSK electrical modulated
signal;
FIG. 5B is a diagram illustrating an exemplary spec-
trum of modulated signal light obtained by applying
the electrical modulated signal illustrated in FIG. 5A
to the optical modulator;
FIG. 5C is a diagram illustrating an example of a
relationship between a change in optical power of
normal QPSK modulated signal light and a change
in a band of the drive signal applied to the optical
modulator;
FIG. 6A is a diagram illustrating an exemplary wave-
form of a Nyquist QPSK electrical modulated signal;
FIG. 6B is a diagram illustrating an exemplary spec-
trum of modulated signal light obtained by applying
an electrical modulated signal illustrated in FIG. 6A
to the optical modulator;
FIG. 6C is a diagram illustrating an example of a
relationship in the Nyquist QPSK between a change
in optical power of the modulated signal light and a
change in a band of the drive signal applied to the
optical modulator;
FIG. 7A is a diagram illustrating an exemplary wave-
form of a 16 QAM electrical modulated signal;
FIG. 7B is a diagram illustrating an exemplary spec-
trum of modulated signal light obtained by applying
an electrical modulated signal illustrated in FIG. 7A
to the optical modulator;
FIG. 7C is a diagram illustrating an example of a
relationship in the 16 QAM between a change in op-
tical power of the modulated signal light and a
change in a band of the drive signal applied to the
optical modulator;
FIG. 8 is a block diagram illustrating an exemplary
configuration of the optical transmitter with focusing
on the monitor illustrated in FIG. 1;
FIG. 9 is a block diagram illustrating a modified ex-
ample of FIG. 8;
FIG. 10 is a flowchart illustrating operations of the
monitor and a controller illustrated in FIG. 1;
FIG. 11 is a diagram illustrating an exemplary spec-
trum of Nyquist QPSK modulated signal light to ex-
plain a modified example of a monitor band of the
spectrum;

FIG. 12 is a diagram illustrating an exemplary spec-
trum of Nyquist QPSK modulated signal light to ex-
plain another modified example of the monitor band
of the spectrum;
FIG. 13 is a block diagram illustrating another mod-
ified example of FIG. 8;
FIG. 14 is a block diagram illustrating an exemplary
configuration of the optical transmitter to which a po-
larization-multiplexing scheme is applied according
to one embodiment;
FIG. 15 is a block diagram illustrating a modified ex-
ample of the optical transmitter illustrated in FIG. 1
to explain an example where the frequency of a con-
trol signal is controlled to a frequency not impacting
to the monitor when an electrical signal generator
superimposes the control signal on a digital electrical
modulated signal;
FIG. 16 is a block diagram illustrating the modified
example of FIG. 8 to explain an exemplary configu-
ration in a case where the number of monitor bands
is variable;
FIG. 17 is a flowchart illustrating operation examples
of the monitor and the controller illustrated in FIG.
16; and
FIG. 18 is a block diagram illustrating an exemplary
configuration of an optical transmission system ac-
cording to a modified example.

DESCRIPTION OF EMBODIMENTS

[0013] An embodiment will be described below with
reference to the drawings. The embodiment described
below is, however, merely an exemplary embodiment,
and does not intend to exclude various modifications and
application of a technique which are not explicitly de-
scribed below. In addition, portions assigned the same
reference numerals in the drawings used in the following
embodiment indicate the identical or similar portions un-
less otherwise stated.
[0014] FIG. 1 is a block diagram illustrating an exem-
plary configuration of an optical transmitter (may be also
referred to as an "optical transmission apparatus") ac-
cording to one embodiment. The optical transmitter 1 il-
lustrated in FIG. 1 includes, for example, an electrical
signal generator 11, drivers 12I and 12Q, a light source
13, an optical modulator 14 which includes an optical
modulator 141, an optical coupler 15, a monitor 16, and
a controller 17.
[0015] In FIG. 1, a reference numeral "2" denotes a
system control apparatus 2 that controls an entire optical
transmission system including the optical transmitter 1.
A non-restrictive example of the system control appara-
tus 2 may be an NMS (Network Management System)
or the like.
[0016] The electrical signal generator 11 performs a
digital signal processing on a transmission data signal,
and generates an electrical signal (e.g. voltage signal)
which is a drive signal for the optical modulator 14.
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Hence, the electrical signal generator (may also be re-
ferred to as a "drive signal generator") 11 illustratively
includes a digital signal processor (DSP) 111, and digital-
analog converters (DAC) 112I and 112Q.
[0017] The DSP 111 is an example of a processor hav-
ing arithmetic operation capability. The DSP 111 per-
forms a digital signal processing on a transmission data
signal according to a modulation format to generate a
transmission digital signal. An example of the modulation
format is a Nyquist QPSK (Quadrature Phase Shift Key-
ing). Modulated signal light obtained by the Nyquist
QPSK may correspond to signal light obtained by per-
forming a band limitation with a Nyquist filter of a digital
signal processing on a transmission data signal.
[0018] The Nyquist QPSK is an example of a modula-
tion format which drives the optical modulator 141 with
a drive signal having an amplitude smaller than an am-
plitude corresponding to double (2 x Vn) half-wavelength
voltage Vn. Driving the optical modulator 141 with the
drive signal having the amplitude smaller than 2 x Vn
may be considered as corresponding to operating the
optical modulator 141 in a non-saturated region (e.g. lin-
ear region) rather than in a saturated region.
[0019] Modulation formats of operating the optical
modulator 141 in the linear region are not limited to the
Nyquist QPSK. Examples of the other modulation for-
mats may include M-level quadrature amplitude modu-
lation format such as 2M-QAM (Quadrature Amplitude
Modulation). M is an integer equal to or more than 2 and
represents a multi-level. As the multi-level is larger, it is
possible to transmit a greater amount of information per
single modulation.
[0020] A differential modulation format or a polariza-
tion-multiplexing scheme may be combined with the
QPSK or the QAM to further increase the available
amount of transmission information per single modula-
tion. The differential modulation format is an example of
a modulation format of allocating different information bits
to a plurality of differential signals shifted in phases. The
QPSK and the QAM using the differential signals may be
referred to as a DPSK (Differential PSK) and a DQAM
(Differential QAM), respectively.
[0021] In contrast, the polarization-multiplexing
scheme is an example of allocating different information
bits to different polarizations (e.g. an X-polarization and
a Y-polarization) of light to multiplex the information bits.
The QPSK and the QAM using the polarization-multiplex-
ing scheme may be referred to as a DP (Dual Polariza-
tion)-QPSK and a DP-QAM, respectively.
[0022] Each of the DACs 112I and 112Q in the electri-
cal signal generator 11 convert a transmission digital sig-
nal generated by the DSP 111 into an analog signal. One
of the DACs 112I and 112Q (for example, DAC 112I)
converts a signal corresponding to in-phase components
(or I components), when a transmission digital signal is
allocated (or mapped) to symbols represented by a com-
plex plane (or IQ plane), into an analog signal. The other
DAC 112Q converts a signal corresponding to quadra-

ture phase components (or Q components), when the
transmission digital signal is mapped to symbols repre-
sented by the IQ plane, into an analog signal.
[0023] Both of the drivers 12I and 12Q may be, for ex-
ample, electrical amplifiers and provided for the individual
components and the Q components. The drivers 12I and
12Q amplify the analog electrical signals input from the
corresponding DACs 112I and 112Q such that the analog
signals have appropriate amplitudes for drive signals ap-
plied to the optical modulator 141.
[0024] For example, one driver 12I generates a drive
signal having the amplitude corresponding to the analog
electrical signal of the I components input from the DAC
112I to apply the generated drive signal to a drive elec-
trode provided for an optical waveguide which forms an
I-arm of the optical modulator 141.
[0025] The other driver 12Q generates a drive signal
having the amplitude corresponding to the analog elec-
trical signal of the Q components input from the DAC
112Q and corresponding to apply the generated drive
signal to a drive electrode provided for an optical
waveguide which forms a Q-arm of the optical modulator
141.
[0026] The light source 13 may be, for example, a sem-
iconductor laser diode (LD) which emits light with a wave-
length. The light source 13 may be a tunable LD which
is variable in light emission wavelength. Output light of
the light source 13 is input to the optical modulator 141.
[0027] The optical modulator 141 may be illustratively
an LN modulator with a lithium niobate (LiNbO3), and
may include the optical waveguide which forms the I-arm
and the optical waveguide which forms the Q-arm. Fur-
ther, the optical modulator 141 may include an optical
branch which branches light from the light source 13 to
the I-arm and the Q-arm, and an optical interferer at which
light propagating through the I-arm and the Q-arm joins
and interferes.
[0028] The I-arm and the Q-arm are respectively pro-
vided with the drive electrodes as described above, and
the drive signals are applied to the drive electrodes from
the corresponding drivers 12I and 12Q. The refractive
index of the I-arm and Q-arm are changed in response
to changes in the applied drive signals. Thus, the phases
of light propagating through the I-arm and Q-arm are
changed in response to the change of refractive index.
In response to the change in the phase of the lights, the
intensity of light output from the optical interferer chang-
es. In this way, the optical modulator 141 modulates
transmission light input from the light source 13 by the
drive signals according to the transmission data signals
to generate modulated signal light.
[0029] A photo detector (PD) 143 may be provided in-
side or outside the optical modulator 141. The PD 143
may receive any one or more of: input light input to the
optical modulator 141; light propagating in one or both
of the I-arm and the Q-arm; and output light of the optical
modulator 141 as appropriate. The PD 143 generates an
electrical signal corresponding to an optical power of the
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received light. The electrical signal may be used to, for
example, control (e.g., feedback-control) a drive signal
of the optical modulator 141.
[0030] The optical coupler 15 branches (may also be
referred to as "tap") the modulated signal light output
from the optical modulator 141. One of branched lights
is output as transmission light to an optical transmission
line, and the other of the branched lights is output as
monitor light to the monitor 16.
[0031] The monitor 16 monitors (may also be referred
to as "detect") characteristics of the drive signal of the
optical modulator 141 based on the monitor light input
from the optical coupler 15. The characteristics of mon-
itoring target are, for example, frequency response of the
drive signal. The monitor 16 may also be referred to as
a "measurer 16".
[0032] When the frequency response of the drive sig-
nals which drive the optical modulator 141 are changed,
a waveform (or spectrum) of the modulated signal light
output from the optical modulator 141 are also changed
in response to the change in the frequency response.
Hence, the waveform of the modulated signal light may
be shifted from a waveform (may also be referred to as
an "ideal waveform") which is expected as a result of the
application of the digital signal processing. The "wave-
form shift" causes a deterioration in quality of the trans-
mission signal light transmitted by the optical transmitter
1.
[0033] Therefore, in the present embodiment, the mon-
itor 16 monitors the output light of the optical modulator
141 to enable, for example, the controller 17 to detect a
change in the frequency response of the drive signal.
The detailed method of detecting the change in the fre-
quency response will be described later. The monitor 16
and the controller 17 may be considered as an example
of a "detection apparatus" or a "detector" which detects
a change in the spectrum of the output light of the optical
modulator 141.
[0034] The controller 17 monitors quality (for example,
a change in a band described later) of the modulated
signal light (in other words, transmission signal light)
based on a monitoring result of the monitor 16. When
determining that the quality goes below a predetermined
quality, the controller 17 may notify information indicative
of a deterioration in transmission signal quality to the sys-
tem control apparatus 2 available to control the entire
optical transmission system in which the optical trans-
mitter 1 is used.
[0035] In response to a reception of the notification in-
dicative of the deterioration in the quality, the system con-
trol apparatus 2 is available to perform control or adjust-
ment to compensate for the deterioration in the signal
quality for the entire optical transmission system. Accord-
ingly, it is possible to improve the transmission quality of
the entire optical transmission system.
[0036] In FIG. 1, the electrical signal generator 11, the
drivers 12I and 12Q, the optical modulator 14 and the
monitor 16 are illustrated in separate blocks. However,

these blocks may be integrated 1 or a part of the blocks
may be integrated in the optical transmitter. Further, in
FIG. 1, there is one drive signal for each of the I-arm and
the Q-arm. However, the drive signals may be two or
more differential signals for each of the I-arm and the Q-
arm.

(First Exemplary Method of Detecting Change in Band 
Characteristics)

[0037] Next, an example of a method of detecting a
change in the band characteristics of a drive signal will
be described with reference to FIGS. 2 to 10.
[0038] FIG. 2 is a diagram illustrating examples of
spectra of modulated signal light when an electrical signal
(may also be referred to as an "electrical modulated sig-
nal") obtained by modulating a transmission data signal
with the Nyquist QPSK in the electrical signal generator
11 (DSP 111) is applied as a drive signal to the optical
modulator 141. In Fig. 2, the horizontal axis represents
a frequency and the vertical axis represents an optical
power.
[0039] The spectrum at the top of the three spectra
illustrated in FIG. 2 is the most close to ideal spectrum
(e.g. rectangular shape) of the Nyquist QPSK modulated
signal light.
[0040] In contrast, the spectrum illustrated at the mid-
dle in FIG. 2 has a relatively unsharp waveform compared
with the that of the spectrum at the top stage, and the
spectrum illustrated at the bottom in FIG. 2 has a further
unsharp waveform compared with that of the spectrum
at the middle.
[0041] In other words, FIG. 2 illustrates that the spec-
trum of the Nyquist QPSK deteriorates from the ideal
spectrum in order from the top to the bottom. Focusing
upon, for example, a portion (or a band) encircled by a
dotted frame A in FIG. 2, optical power tends to lower
near an end portion of the spectrum of the modulated
signal light.
[0042] Such a change (or deterioration) in the spec-
trum may be referred to as "a band change (or band de-
terioration)". The band change may be caused by a
change in characteristics of the drive signals given to the
optical modulator 141 from the electrical signal generator
11 through the drivers 12I and 12Q (in other words, elec-
trical paths from the electrical signal generator 11 to the
optical modulator 141) illustrated in FIG. 1. Therefore, it
is possible to detect the change in the characteristics of
the drive signal by detecting the band change.
[0043] Here, it is possible to detect the band change
by, for example, detecting a change in optical power cor-
responding to the frequency (or a band) whose change
appears relatively large in the spectrum of the modulated
signal light. A non-restrictive example detects, as illus-
trated in FIG. 3, optical power (Pfc) of a first band includ-
ing a center frequency (fc) of the modulated signal light
and optical power (PfΔ) of a second band including a
frequency (fc + fΔ) shifted from the center frequency fc
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by fΔ in a positive frequency as the center frequency of
the second band.
[0044] A separation frequency fΔ shifted from the cent-
er frequency fc may be set to a half of a baud rate B (i.e.,
B/2) or substantially set to the B/2. Further, bandwidths
of the first band and the second band are not limited in
particular, yet may be set to the B/2 or substantially set
to the B/2.
[0045] In other words, the first band may be a partial
band of the spectrum of the modulated signal light, and
may have the bandwidth of B/2 whose center frequency
is the center frequency fc of the modulated signal light.
Meanwhile, the second band may be a partial band of
the spectrum of the modulated signal light different from
the first band, and may have the bandwidth of B/2 whose
center frequency is the frequency fc + fΔ shifted from the
center frequency fc of the modulated signal light by fΔ.
In an example in FIG. 3, the second band corresponds
to a band near the end (e.g., the right end in FIG. 3) of
the spectrum.
[0046] Light in the first band and the second band can
be detected (or filtered) by, for example, using an optical
filter. In FIG. 3, characteristics indicated by a solid line
100 indicate first filter characteristics which allow the light
in the first band to pass (or transmit), and characteristics
indicated by a dotted line 200 indicate second filter char-
acteristics which allow the light in the second band to
pass (or transmit).
[0047] For example, the filter center frequency of the
first filter characteristics 100 corresponds to the center
frequency fc of the modulated signal light, and the filter
bandwidth of the first filter characteristics 100 is B/2.
Meanwhile, the filter center frequency of the second filter
characteristics 200 corresponds to the frequency fc + fΔ
shifted from the center frequency fc of the modulated
signal light by fΔ, and the filter bandwidth of the second
filter characteristics 200 is B/2.
[0048] The first filter characteristics 100 and the sec-
ond filter characteristics 200 may be realized as charac-
teristics of individual optical filters, or may be realized by
changing a transmission center frequency of one optical
filter with a variable filter center frequency.
[0049] By using the optical filter having the filter char-
acteristics described above, it is possible to detect a dif-
ference P (= Pfc - PfΔ) between the optical power Pfc of
the first band and the optical power PfΔ of the second
band. A change corresponding to the band change ap-
pears in the difference P (hereinafter, may also be re-
ferred to as an "optical power difference P") as illustrated
in FIG. 4, for example. For example, the change in the
optical power difference P tends to increase as the band
change increases. The "change in the optical power dif-
ference P" may also be referred to simply as an "optical
power change".
[0050] Consequently, by detecting the optical power
difference P, it is possible to detect the band change
based on the relationship illustrated in FIG. 4. By setting
filtering (in other words, monitoring) target bands to two

different bands of the first band and the second band as
illustrated in FIG. 3, it is possible to achieve an effect or
advantage set out below.
[0051] For example, output optical power of the optical
modulator 141 may fluctuate due to a factor such as a
fluctuation in the output optical power of the light source
13, which is different from the change in characteristics
of a drive signal. Hence, when a monitoring target band
(hereinafter, may also be referred to as a "monitor band")
is set to a single band, it may be unavailable to exclude
(or distinguish) an influence of the above-described dif-
ferent factor.
[0052] In contrast, by setting monitor bands to two dif-
ferent bands and detecting the optical power difference
P between the monitor bands as described above, it is
possible to cancel (or minimize) the fluctuation in power
due to the different factor. For example, when output op-
tical power of the light source 13 fluctuates, this fluctua-
tion in the power appears in the whole spectrum (in other
words, in each frequency component of the spectrum) of
the modulated signal light illustrated in FIGS. 2 and 3.
[0053] Therefore, by calculating the difference be-
tween optical power of the two monitor bands, it is pos-
sible to cancel the change in the power corresponding
to the fluctuation of the output optical power of the light
source 13. Consequently, the band change caused by
the change in characteristics of the drive signal becomes
dominant as a change appearing in the optical power
difference P.
[0054] In this way, by detecting the change in the spec-
trum of the modulated signal light as the change in the
optical power difference P between the different bands,
it is possible to improve detection accuracy of the band
change (or band deterioration) in the modulated signal
light. In this regard, when a fluctuation in power of mod-
ulated signal light due to the different factor such as a
fluctuation in output optical power of the light source 13
is negligibly small, a monitor band may be set to a single
band.
[0055] When the electrical signal generator 11 gener-
ates a normal QPSK electrical modulated signal which
is a non-Nyquist QPSK electrical modulated signal, a
change does not appear in the detected optical power
difference P as illustrated in FIG. 4 or is not available to
be observed with sufficient sensitivity even if the change
appears. Driving the optical modulator 141 with a drive
signal of a normal QPSK electrical modulated signal cor-
responds to driving the optical modulator 141 with a drive
signal having the amplitude of 2 x Vn to operate the optical
modulator 141 in the saturated region.
[0056] FIG. 5A illustrates an exemplary waveform of
the normal QPSK electrical modulated signal, and FIG.
5B illustrates an exemplary spectrum of the modulated
signal light when the QPSK electrical modulated signal
illustrated in FIG. 5A is applied as a drive signal to the
optical modulator 141.
[0057] Further, FIG. 5C illustrates an example of a
change in the optical power difference P in response to
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the band change when the QPSK electrical modulated
signal illustrated in FIG. 5A is applied as a drive signal
to the optical modulator 141. As illustrated in FIG. 5C,
when the optical modulator 141 is operated in the satu-
rated region, the change in the optical power difference
P due to the band change does not occur or is not avail-
able to be detected with sufficient sensitivity even if the
change occurs.
[0058] In contrast, when the optical modulator 141 is
operated in a linear region by using the Nyquist QPSK
electrical modulated signal having a waveform illustrated
in FIG. 6A as the drive signal applied to the optical mod-
ulator 141, a change in the optical power difference P
occurs in response to the band change as illustrated in
FIG. 6C. FIG. 6B is a diagram illustrating an exemplary
spectrum of the modulated signal light when the Nyquist
QPSK electrical modulated signal illustrated in FIG. 6A
is applied as a drive signal to the optical modulator 141.
FIG. 6C is a diagram corresponding to FIG. 4.
[0059] A modulation format which may cause a change
in the optical power difference P in response to the band
change is not limited to the Nyquist QPSK. For example,
when a 16 QAM electrical modulated signal is applied as
a drive signal to the optical modulator 141, the optical
modulator 141 also operates in the linear region. There-
fore, it is possible to detect the band change by detecting
the optical power difference P.
[0060] FIG. 7A illustrates an exemplary waveform of
the 16 QAM electrical modulated signal, and FIG. 7B
illustrates an exemplary spectrum of modulated signal
light when the 16 QAM electrical modulated signal illus-
trated in FIG. 7A is applied as a drive signal to the optical
modulator 141.
[0061] Further, FIG. 7C illustrates an example of a
change in the optical power difference P in response to
the band change when the 16 QAM electrical modulated
signal illustrated in FIG. 7A is applied as the drive signal
to the optical modulator 141. As illustrated in FIG. 7C,
even when the 16 QAM electrical modulated signal is
applied as the drive signal to the optical modulator 141,
it is possible to detect the band change by detecting the
optical power difference P.

(Exemplary Configuration of Monitor 16)

[0062] Next, an exemplary configuration of the monitor
16 (see FIG. 1) which realizes the above-described meth-
od of detecting the band change will be described.
[0063] FIG. 8 is a block diagram illustrating an exem-
plary configuration of the monitor 16 illustrated in FIG. 1.
The monitor 16 illustrated in FIG. 8 illustratively includes
a tunable optical filter 161 and an optical power meter
162.
[0064] The tunable optical filter 161 is illustratively an
optical filter whose transmission center wavelength (fre-
quency) is variable. The first and second filter character-
istics 100 and 200 illustrated in FIG. 3 are realize by con-
trolling the transmission center wavelength of the optical

filter 161. For example, the setting or changing of the
transmission center wavelength may be controlled by the
controller 17 illustrated in FIG. 1.
[0065] The optical power meter 162 detects (or meas-
ures) power of light passed through the tunable optical
filter 161 when the tunable optical filter 161 is set to have
the first and second filter characteristics 100 and 200.
[0066] Thereby, as illustrated in FIG. 3, the optical pow-
er meter 162 measures the optical power Pfc of the first
band including the center frequency fc of the modulated
signal light, and the optical power PfΔ of the second band
including the center frequency of the frequency (fc + fΔ)
shifted from the center frequency fc by fΔ in the positive
frequency. The measurement results are output to the
controller 17.
[0067] The controller 17 calculates the optical power
difference P as described above based on the measure-
ment results of the optical power meter 162. In order to
detect the change in the optical power difference P, the
controller 17 may store the measurement results of the
optical power meter 162 at different measurement tim-
ings into a memory 171 illustrated in FIG. 8, for example.
[0068] One of the different measurement timings (cor-
responds to a first measurement timing) may be a timing
at which the optical transmitter 1 is activated, and another
timing (corresponds to a second measurement timing)
may be a timing after the optical transmitter 1 is activated
(e.g. an arbitrary timing during an operation).
[0069] The controller 17 detects the change in the op-
tical power difference P based on the optical power dif-
ference P obtained from the measurement results at the
different measurement timings and compares the detect-
ed change with a threshold value. The threshold value
may be set to a value corresponding to a predetermined
change amount (or deterioration amount) of the detected
change in the relationship illustrated in FIG. 4. As a non-
restrictive example, the threshold value may be set to
the change amount of the optical power difference P cor-
responding to "-3 GHz" of the band change (or band de-
terioration). The threshold value may be stored in the
memory 171.
[0070] When the change in the optical power difference
P exceeds the threshold value, the controller 17 may no-
tify the system control apparatus 2 such as the NMS of
an occurrence of deterioration in quality of the modulated
signal light transmitted by the optical transmitter 1. The
notification may be performed by, for example, a com-
munication unit 172 illustrated in FIG. 8.
[0071] The monitor 16 illustrated in FIG. 8 measures
the optical power Pfc and the optical power PfΔ of the
different monitor bands by controlling the transmission
center frequency of the single tunable optical filter 161
with the optical power meter 162. However, individual
optical filters may be provided for the individual monitor
bands.
[0072] A measurement function of the monitor 16 may
be achieved by using an optical spectrum analyzer 163
as illustrated in FIG. 9. However, since the optical spec-
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trum analyzer 163 would be costly, the exemplary con-
figuration illustrated in FIG. 8 is advantageous in that the
monitor 16 can be achieved by a simple configuration
and at low cost.
[0073] Next, an exemplary operation of the controller
17 will be described with reference to FIG. 10.
[0074] As illustrated in FIG. 10, when the optical trans-
mission system is activated and then the optical trans-
mitter 1 is activated, the monitor 16 measures the optical
power Pfc of the first band including the center frequency
fc of modulated signal light, and the optical power PfΔ of
the second band shifted from the center frequency fc by
substantially +B/2. The measurement results are output
to the controller 17. The measurement results at the ac-
tivation of the system may be considered as initial meas-
urement results. The controller 17 stores the received
measurement results in, for example, the memory 171
(processing P11).
[0075] Subsequently, for example, during operations
of the system, the controller 17 obtains measurement
results of the optical power Pfc and PfΔ from the monitor
16 again, and detects a change in the optical power dif-
ference P based on the measurement results and the
initial measurement results stored in the memory 171
(processing P12).
[0076] Further, the controller 17 compares the detect-
ed change amount of the optical power difference P with
the threshold value stored in the memory 171 to check
whether or not the change amount of the optical power
difference P exceeds the threshold value (in other words,
whether or not the change amount exceeds a predeter-
mined deterioration amount) (processing P13).
[0077] In response to a detection that the change
amount of the optical power difference P exceeds the
predetermined deterioration amount (Yes in the process-
ing P13), the controller 17 enables, for example, the com-
munication unit 172 to notify the system control appara-
tus 2 of an occurrence of deterioration in quality of the
modulated signal light transmitted by the optical trans-
mitter 1 (processing P14).
[0078] Meanwhile, when the change amount of the op-
tical power difference P does not exceed the predeter-
mined deterioration amount (No in the processing P13),
the controller 17 returns to the processing P12, and con-
tinues monitoring the change in the optical power differ-
ence P during operations of the system.
[0079] As described above, according to the above
embodiment, it is possible to detect the band change (or
band deterioration) occurred in the modulated signal due
to a change in characteristics of the drive signal applied
to the optical modulator 141. Further, since the detected
band change is notified to the system control apparatus
2, it is possible to perform control or adjustment to com-
pensate for a deterioration in signal quality in the entire
optical transmission system. Accordingly, it is possible
to improve transmission quality of the entire optical trans-
mission system.
[0080] Information (which may also be referred to as

"band change information") indicative of the detected
band change may be notified (or fed back) to the DSP
111 as indicated by a dotted line arrow in FIG. 1, for
example. The DSP 111 may include a band compensa-
tion processing of the drive signal (or electrical signal)
as an example of the digital signal processing, and may
control the band compensation processing to compen-
sate for (e.g. minimize) the band change detected by the
monitor 16 based on the band change information noti-
fied from the controller 17. In other words, the controller
17 may control the digital signal processing performed
by the DSP 111 to compensate for the band change de-
tected by the monitor 16.

(Second Exemplary Method of Detecting Change in Band 
Characteristics)

[0081] In the above example, the two monitor bands
(in other words, the filter characteristics 100 and 200) are
set to the spectrum of modulated signal light. However,
three monitor bands (or filter characteristics 100 to 300)
may be set as illustrated in FIG. 11, for example. An ex-
emplary configuration of the monitor 16 in the second
example may be the same as the configuration illustrated
in FIG. 8 or 9.
[0082] The first band corresponding to the filter char-
acteristics 100 and the second band corresponding to
the filter characteristics 200 may be the same as the
bands described already with reference to FIG. 3. The
third band corresponding to the filter characteristics 300
may be set to a symmetrical band with respect to the
second band around the first band. The first to third bands
corresponding to the filter characteristics 100 to 300 may
also be referred to as the first to third monitor bands 100
to 300, respectively, for descriptive purpose.
[0083] For example, the third monitor band 300 may
correspond to a band including a center frequency of a
frequency (fc - fΔ) shifted from the center frequency fc of
modulated signal light by substantially half (B/2) of a baud
rate in a negative frequency. Further, the bandwidth of
the third monitor band 300 may also be about B/2.
[0084] The monitor 16 may set the filter characteristics
100 to 300 corresponding to the three monitor bands by
changing one of the transmission center frequency of the
tunable optical filter 161, or the filter characteristics 100
to 300 maybe realized by using individual optical filters.
[0085] In this example, the optical power meter 162
measures optical power Pfc, P(+fΔ) and P(-fΔ) of the
three monitor bands 100 to 300. Pfc is the optical power
of the first monitor band 100 including the center frequen-
cy fc of the modulated signal light. Pf(+fΔ) is the optical
power of the second monitor band 200 shifted from the
center frequency fc by substantially +B/2. Here, P(-fΔ) is
the optical power of the third monitor band 300 shifted
from the center frequency fc by substantially -B/2.
[0086] The controller 17 detects optical power differ-
ence P = Pfc- (P(+fΔ) + P(-fΔ)), and detects the change
in the optical power difference P. In this way, by detecting
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the optical power of the three monitor bands 100 to 300,
the change amount of the optical power difference P in
response to the band change becomes large compared
to a power detection of the two monitor bands 100 and
200 as illustrated in FIG. 3. Accordingly, it is possible to
improve detection sensitivity of the optical power differ-
ence P.

(Third Exemplary Method of Detecting Change in Band 
Characteristics 3)

[0087] According to the methods illustrated in FIGS. 3
and 11, the two or three different monitor bands are set
to the spectrum of modulated signal light. However, two
different monitor bands 100 and 400 having different
bandwidths and including the same monitor band may
be set as illustrated in FIG. 12, for example.
[0088] In FIG. 12, the first monitor band 100 may be
the same as the band 100 illustrated in FIGS. 3 and 7.
For example, the first monitor band 100 may have the
center frequency fc and the bandwidth corresponding to
substantially half of a baud rate (B/2). Meanwhile, the
second monitor band 400 may have the center frequency
fc and the bandwidth which includes a whole band of the
spectrum of modulated signal light. A non-restrictive ex-
ample of the bandwidth of the second monitor band 400
may be a bandwidth corresponding to 1.2 times (1.2 x B)
of the baud rate.
[0089] Filter characteristics corresponding to the two
monitor bands 100 and 400 may be set by changing a
transmission bandwidth of a single variable band wave-
length optical filter which has the transmission center fre-
quency fc and variable transmission bandwidth. Alterna-
tively, the filter characteristics corresponding to the two
monitor band 100 and 400 may be achieved by using
individual optical filters.
[0090] FIG. 13 illustrates an exemplary configuration
of the monitor 16 provided with a variable band wave-
length optical filter 161a. The variable band wavelength
optical filter 161a may have not only a variable transmis-
sion bandwidth but also a variable transmission center
wavelength. One or both of the transmission bandwidth
and the transmission center wavelength of the variable
band wavelength optical filter 161a may be controlled (or
set) by the controller 17.
[0091] The optical power meter 162 of the monitor 16
illustrated in FIG. 13 measures optical power Pfc and
Pfall of the two monitor bands 100 and 400.
[0092] The controller 17 detects optical power differ-
ence P = Pfc - Pfall and detects a change in the power
difference P.
[0093] In this way, by setting the monitor bands 100
and 400 of different bandwidths including the same band
100, it is also possible to detect the change in the optical
power difference P and the band change (or band dete-
rioration) occurred in the modulated signal light due to
the change in the characteristics of the drive signal ap-
plied to the optical modulator 141.

(Application to Polarization-multiplexing scheme)

[0094] The aforementioned detection of the band
change due to the change in characteristics of the drive
signal is applicable to the optical transmitter 1 using a
polarization-multiplexing scheme such as DP-QPSK or
DP-QAM. FIG. 14 illustrates an exemplary configuration
of the optical transmitter 1 using the polarization-multi-
plexing scheme.
[0095] The optical modulator 14 of the optical trans-
mitter 1 illustrated in FIG. 14 may include, for example,
a polarization beam splitter (PBS) 140, optical modula-
tors 141X and 141Y respectively corresponding to differ-
ent polarizations (e.g. an X-polarization and a Y-polari-
zation), and a polarization beam combiner (PBC) 142.
[0096] The PBS 140 separates transmission light input
from the light source 13 to X-polarization components
and Y-polarization components. The separated X-polar-
ization components are input to the optical modulator
141X and the separated Y-polarization components are
input to the optical modulator 141Y.
[0097] Each of the optical modulators 141X and 141Y
may have the same configuration as that of the optical
transmitter 1 illustrated in FIG. 1. For example, each of
the optical modulator 141X and 141Y may include an
optical branch, an I-arm, a Q-arm and an optical interfer-
er. The optical branch receives an input of light of the
polarization components separated by the PBS 140. Op-
tionally, one or both of the optical modulators 141X and
141Y may be provided with a PD 143 in a manner similar
to the configuration of FIG. 1. In other words, individual
power of different polarization components in modulated
signal light is monitored by the PD 143.
[0098] The I-arm and the Q-arm of the optical modu-
lator 141X corresponding to the X-polarization compo-
nents may also be referred to as an "XI-arm" and an "XQ-
arm", respectively, for descriptive purpose. Similarly, the
I-arm and the Q-arm of the optical modulator 141Y cor-
responding to the Y-polarization components may also
be referred to as a "YI-arm" and a "YQ-arm", respectively,
for descriptive purpose.
[0099] Light of the X-polarization components separat-
ed by the PBS 140 propagates in the XI-arm and the XQ-
arm. Light of the Y-polarization components separated
by the PBS 140 propagates in the YI-arm and the YQ-
arm.
[0100] Each of the XI-arm, the XQ-arm, the YI-arm and
the YQ-arm may be provided with a drive electrode which
is not illustrated. The respective drive electrodes are sup-
plied drive signals by drivers 12XI, 12XQ, 12YI and 12YQ,
respectively. Each of the drivers 12XI, 12XQ, 12YI and
12YQ may be an electrical amplifier similar to the drivers
12I and 12Q illustrated in FIG. 1.
[0101] The drivers 12XI, 12XQ, 12YI and 12YQ receive
analog electrical modulated signals generated by the
electrical signal generator 11 for the different X-polariza-
tion components and the Y-polarization components,
and for in-phase (I) components and quadrature (Q) com-
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ponents.
[0102] The electrical signal generator 11 may include,
for example, a DSP 111, and a DAC 112XI, a DAC
112XQ, a DAC 112YI and a DAC 112YQ corresponding
to the different X-polarization and Y-polarization compo-
nents and the in-phase (I) components and the quadra-
ture (Q) components.
[0103] The DSP 111 performs a digital signal process-
ing including a digital modulation processing such as the
Nyquist QPSK and the 16QAM on a transmission data
signal to generate digital electrical modulated signals of
the X-polarization components and the Y-polarization
components, and the I components and the Q compo-
nents.
[0104] The generated digital electrical signal modulat-
ed signals are converted into analog electrical modulated
signals by the DACs 112XI, 112XQ, 112YI and 112YQ
corresponding to the above-described four arms, respec-
tively. The analog electrical modulated signals are sup-
plied to the corresponding drivers 12XI, 12XQ, 12YI and
12YQ.
[0105] Each of the drivers 12XI, 12XQ, 12YI and 12YQ
amplify the input analog electrical modulated signal such
that the individual analog electrical modulated signal has
an appropriate amplitude as a drive signal supplied to
the optical modulator 141X or the optical modulator 141Y.
[0106] By supplying the drive signals to the drive elec-
trodes corresponding to the four arms of XI, XQ, YI and
YQ, the refractive index of the corresponding arms
change, and the phase of transmission light propagating
in each arm changes. In response to the change in phase,
the intensity of the light output from each optical interferer
of each of the optical modulators 141X and 141Y chang-
es.
[0107] In this way, the transmission light of the different
X-polarization and Y-polarization components from the
light source 13 is modulated by the optical modulators
141X and 141Y with the drive signals corresponding to
transmission data signal to generate modulated signal
light.
[0108] The modulated signal light of the X-polarization
components output from the one optical modulator 141X
and the modulated signal light of the Y-polarization com-
ponents output from the other optical modulator 141Y
are input to the PBC 142.
[0109] The PBC 142 may combines (may also be re-
ferred to "polarization-multiplexes") light of the X-polari-
zation components and the Y-polarization components.
The polarization-multiplexed light is output as polariza-
tion-multiplexed transmission light to an optical transmis-
sion line from the optical transmitter 1. Part of the polar-
ization-multiplexed signal light is tapped to the monitor
16 by the optical coupler 15.
[0110] The monitor 16 may have the same configura-
tion as the configuration illustrated in FIG. 8, 9 or 13. In
other words, the monitor 16 and the controller 17 illus-
trated in FIG. 14 is possible to detect a band change in
the spectrum of the polarization-multiplexed signal light

output from the optical modulator 14 by using the detec-
tion method described with reference to FIG. 3, 11 or 12.
[0111] The controller 17 may notify (or feedback) band
change information to the DSP 111 as indicated by a
dotted line arrow in FIG. 14 similar to FIG. 1. The DSP
111 may control the band compensation processing on
the drive signals of the electrical signals based on the
notified band change information. Further, when the con-
troller 17 detects that the band change of the polarization-
multiplexed transmission light exceeds the threshold val-
ue and deteriorated, the communication unit 172 may
notify the system control apparatus 2 of an occurrence
of determination in quality due to the band deterioration
of the polarization-multiplexed transmission light trans-
mitted by the optical transmitter 1.

(First Modified Example)

[0112] There is a case where a monitor signal or a con-
trol signal (hereinafter, may collectively be referred to as
a "control signal") is superimposed on modulated signal
light (which may also be polarization-multiplexed trans-
mission light) output from the optical modulator 14.
[0113] For example, the control signal having a low
frequency which is sufficiently lower than the frequency
of the modulated signal light may be superimposed on
the modulated signal light. The low frequency signal may
be, for example, at orders of mega hertz while the fre-
quency of modulated signal light is at orders of giga bits.
[0114] The low frequency signal which is an example
of the control signal may be generated by performing a
digital signal processing on a transmission data signal
by a DSP 111 of an electrical signal generator 11 as
illustrated in FIG. 15, for example. In other words, the
low frequency signal (e.g., with 1 MHz in FIG. 15) is su-
perimposed on the drive signal applied to the optical mod-
ulator 14. Consequently, the low frequency signal sub-
jected to an amplitude modulation is superimposed on
the modulated signal light.
[0115] When the low frequency signal is superimposed
on modulated signal light in this way, an optical spectrum
of the modulated signal light cyclically fluctuates, and
therefore, optical power monitored by the monitor 16 also
cyclically fluctuates. Hence, when a fluctuation cycle
matches with a monitor cycle of the monitor 16, detection
accuracy of the band change may deteriorates.
[0116] In order to prevent such deterioration of the de-
tection accuracy, for example, the monitor 16 (for exam-
ple, the optical power meter 162 and the spectrum ana-
lyzer 163) or a controller 17 may average the optical pow-
er of monitor light for a longer period of time than the
fluctuation cycle.
[0117] Alternatively, as illustrated in FIG. 15, the con-
troller 17 may perform feedback control such that the
DSP 111 changes the low frequency signal (1 MHz) to
be superimposed to another frequency (for example, 10
MHz) which does not impact on monitoring of the monitor
16.
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[0118] When the post-changed frequency signal is still
available as a control signal which can achieve the orig-
inal control purpose, the detection of the band change
by using the monitor 16 and the controller 17 is compat-
ible with a control using the control signal.

(Second Modified Example)

[0119] The number of target monitor bands (hereinaf-
ter, may also be referred to as "monitor points" for de-
scriptive purpose) of the monitor 16 may be fixed or var-
iable. For example, there is a case where a DSP 111 of
the electrical signal generator 11 changes a modulation
format to be applied to a transmission data signal during
operations of the system. In response to the change of
the modulation format, the number of monitor points may
also be changed.
[0120] For example, in response to a change of the
modulation format, the change amount of optical power
difference P measured by the monitor 16 may also be
changed. In other words, there is a case where monitor-
ing sensitivity of the monitor 16 fluctuates according to
the modulation format of the digital signal processing in
the DSP 111.
[0121] Hence, as illustrated in FIG. 16, the controller
17 may adaptively control filter characteristic of the tun-
able optical filter 161 provided in the monitor according
to the change in the modulation format. Accordingly, it is
possible to set the number of monitor points suitable for
the modulation format.
[0122] The number of monitor points with respect to a
modulation format may be set (or stored) in a memory
171 of the controller 17 in advance. Information available
to identify the modulation format (hereinafter, may also
be referred to as "modulation format information") may
be given to the controller 17 from an external apparatus
such as the system control apparatus 2. The modulation
format information may be stored in the memory 171 of
the controller 17.
[0123] An exemplary operation of the controller 17 in-
cluding controlling the number of monitor points accord-
ing to a modulation format will be described with refer-
ence to a flowchart illustrated in FIG. 17.
[0124] As illustrated in FIG. 17, the controller 17 may
perform pre-processing indicated by processing P21
when the optical transmitter 1 is activated in response to
an activation of the optical transmission system, for ex-
ample. For example, in pre-processing P21, the control-
ler 17 sets filter characteristics of the tunable optical filter
161 such that light at monitor point including the center
frequency fc of modulated signal light is input to an optical
power meter 162.
[0125] The optical power meter 162 detects (or meas-
ures) optical power Pfc of light passed through the tun-
able optical filter 161 at the monitor point including the
center frequency fc. The controller 17 stores information
of the optical power Pfc detected by the optical power
meter 162 in the memory 171.

[0126] Further, in pre-processing P21, the controller
17 sets the filter characteristics of the tunable optical filter
161 such that the light of the monitor point including a
frequency shifted from the center frequency fc of the mod-
ulated signal light by substantially 6B/n (n is an integer
equal to or more than 1) is input to the optical power
meter 162. The controller 17 changes the filter charac-
teristics of the tunable optical filter 161 for a plurality of
monitor points by changing the value of "n".
[0127] The optical power meter 162 detects (or meas-
ures) the optical power P(f 6 n*fΔ) at a corresponding
monitor point per value of "n". The controller 17 stores
information of the optical power P(f6n*fΔ) detected by
the optical power meter 162 in the memory 171, for ex-
ample.
[0128] According to the above pre-processing P21, in-
formation of the optical power Pfc and P(f6n*fΔ) which
serve as references for each monitor point is stored in
the memory 171. The optical power which serves as the
reference for a monitor point may also be referred to as
"reference optical power" for descriptive purpose.
[0129] After the pre-processing P21, the controller 17
identifies a current modulation format of a digital signal
processing performed by the DSP 111 among from mod-
ulation formats M#i (i = 1 to X and X is an integer equal
to or more than 2) based on the modulation format infor-
mation (processing P22-1 to 22-X) .
[0130] In response to an identification of the current
modulation format, the controller 17 selects monitor
points corresponding to the number of monitor points N#i
(an integer satisfying ≤ n) for the identified modulation
format among from a plurality of monitor points stored in
the memory 171 in pre-processing P21. Further, the con-
troller 17 controls the filter characteristics of the tunable
optical filter 161 such that light of the selected monitor
points (hereinafter, may also be referred to the "selected
monitor points") is input to the optical power meter 162.
[0131] Thereby, the optical power meter 162 detects
(or measures) the optical power of the selected monitor
points, and a detection results are given to the controller
17 (to processing P23-i from Yes route of processing
P22-i).
[0132] The controller 17 detects an optical power dif-
ference between optical power of the selected monitor
points and the reference optical power of the selected
monitor points stored in in the memory 171 in pre-
processing P21, and checks whether or not the change
in the optical power difference exceeds a threshold value
(processing P24-i). The threshold value may be set (or
stored) in the memory 171 in advance for each modula-
tion format.
[0133] When a change in the optical power difference
exceeds the threshold value (Yes in processing P24-i),
the communication unit 172 of the controller 17 notifies
the system control apparatus 2 of an occurrence of the
band change (or band deterioration) in the modulated
signal light, for example (processing P25). When the
change in the optical power difference does not exceed
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the threshold value (No in processing P24-i), the control-
ler 17 performs processing of identifying (which may also
be referred to as "monitor") the modulation format depict-
ed by processing P22-i.
[0134] When the identification of the modulation format
is not available in processing P22-i (No in processing
P22-1 to P22-X), the controller 17 may finish monitoring
the band change in the modulated signal light by using
the monitor 16.
[0135] As described above, according to the modified
examples illustrated in FIGS. 16 and 17, it is possible to
change the number of monitor points according to a dif-
ference in the modulation format. Accordingly, it is pos-
sible to detect the band change of the modulated signal
light with an appropriate monitoring sensitivity corre-
sponding to the modulation format, even though the mod-
ulation format is changed during operations of the sys-
tem, for example.
[0136] When the detected band change exceeds a pre-
determined deterioration amount, the communication
unit 172 of the controller 17 notifies the system control
apparatus 2 of an event that the detected band change
exceeds the predetermined deterioration amount. There-
fore, the system control apparatus 2 is possible to per-
form control or adjustment to compensate for a deterio-
ration in signal quality in the entire optical transmission
system. Accordingly, it is possible to improve transmis-
sion quality in the entire optical transmission system.

(Other)

[0137] FIG. 18 is a block diagram illustrating an exem-
plary configuration of an optical transmission system
(which may also be referred to as an "optical network").
The optical transmission system 3 illustrated in FIG. 18
may include, for example, a plurality of ROADMs (Recon-
figurable optical add-drop multiplexer) 31 The ROADMs
31 may be optically and communicably connected by op-
tical transmission lines 4.
[0138] The optical transmission system 3 illustrated in
FIG. 18 is a "mesh network" in which the ROADMs 31
are connected by the optical transmission lines 4 in a
mesh topology. However, the optical transmission sys-
tem 3 may be an optical network with other topologies
such as a ring network. The ROADM 31 is an example
of an optical transmission apparatus. The optical trans-
mission apparatus may also be referred to as a "station"
or a "node".
[0139] Each ROADM 31 may include, for example, a
function of branching (or dropping) light in units of wave-
length, an insertion (or add) function, and a through func-
tion.
[0140] The drop function makes it possible to drop to
a transceiver 32 light with any one of wavelengths includ-
ed in wavelength-division multiplexing (WDM) light re-
ceived through the optical transmission line 4. The light
dropped to the transceiver 32 may be referred to as a
"drop light".

[0141] Further, the add function makes it possible to
add light (which may also be referred to as "add light")
with a wavelength transmitted from the transceiver 32 to
the WDM light received through the optical transmission
line 4.
[0142] Further, the through function makes it possible
to transmit (or pass through) light of any one of the wave-
lengths included in the WDM light received through the
optical transmission line 4 to an optical channel 4 corre-
sponding to a different degree.
[0143] These drop function, the add function and the
through function can be achieved by using an optical cou-
pler or a wavelength selective switch (WSS).
[0144] The transceiver 32 may include a receiver which
receives the drop light and a transmitter which transmits
the add light. The transceiver 32 may also be referred to
as a "transponder 32".
[0145] The receiver receives and demodulates the
drop light, and remaps the resulting signal on a frame
signal of a client network (which may also be referred to
as a "tribute network").
[0146] The client network may be the Ethernet (regis-
tered trademark) or a synchronous digital network such
as SDH or SONET. The WDM light transmitted through
the optical transmission line 4 may be transmitted in an
OTN (Optical Transport Network) frame.
[0147] Hence, the receiver may convert the OTN frame
of the received drop light into a frame signal of the client
network such as an Ethernet frame. The received drop
light may be received by way of coherent reception. In
other words, the receiver may be a coherent receiver.
[0148] Even though the drop light with a plurality of
wavelengths is input to the coherent receiver, the coher-
ent receiver is available to selectively receive the light
with the wavelength corresponding to a wavelength of
local light. The wavelength of local light corresponds to
"a target reception wavelength" of the transponder 32,
and the target reception wavelength can be controlled
by using a tunable laser diode (LD) for a local light source.
[0149] Meanwhile, focusing upon the transmitter of the
transponder 32, the transmitter may include a transmis-
sion light source which emits light of a wavelength (which
may be referred to as an "add wavelength" or a "trans-
mission wavelength") corresponding to add light, an op-
tical modulator which modulates the light of the transmis-
sion wavelength with a transmission data signal.
[0150] The transmission data signal may be generated
by a digital signal processing circuit. The digital signal
processing circuit may perform a digital modulation
processing and a digital waveform shaping processing
on a transmission data signal. By performing the digital
modulation processing, it is possible to superimpose an
auxiliary data signal (which may be referred to as an "aux-
iliary signal") on the transmission data.
[0151] For example, by performing an FSK (Frequency
Shift Keying) on the transmission data signal (which may
be referred to as a main signal), it is possible to super-
impose FSK signal components serving as the auxiliary
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signal on the main signal. The auxiliary signal may be a
monitor control signal or some kind of a measurement
signal. The auxiliary signal may also be referred to as an
"auxiliary channel".
[0152] The digital waveform shaping processing may
include a Nyquist filtering. By applying the waveform
shaping processing to the transmission data signal using
the Nyquist filtering, it is possible to narrow the spectrum
of transmission modulated signal light obtained by the
optical modulator. Since the spectrum can be narrowed,
it is also possible to support multicarrier transmission
such as a "super channel" transmission.
[0153] By the way, the ROADM 31 may be provided
with an optical performance monitor (OPM) 33 which
monitors power of WDM light received from the optical
transmission line 4, WDM light transmitted to the optical
transmission line 4, the drop light, the add light, and the
through light, as illustrated in FIG. 18.
[0154] The OPM 33 may include, for example, an op-
tical filter 331, a PD (photo detector or photo diode) 332
and a processor (which may be referred to as a "control-
ler") 333.
[0155] The optical filter 331 may be an optical band
pass filter, and allows light of a monitoring target band
of input light to pass to the PD 332, for example. The
optical filter 331 may be a tunable optical filter. The tun-
able optical filter is available to monitor light of an arbitrary
wavelength included in the WDM light by changing a
transmission wavelength.
[0156] The PD 332 receives light passed through the
optical filter 331, and outputs an electrical signal (e.g.
current signal) corresponding to optical power of the re-
ceived light. The current signal corresponding to the re-
ceived optical power at the PD 332 may be converted
into a voltage signal by a transimpedance amplifier (TIA),
for example.
[0157] When the above-described FSK signal compo-
nents are superimposed as an auxiliary signal on the light
input to the optical filter 331, the FSK signal components
are converted into the amplitude modulated signal by fil-
tering in the optical filter 331. Accordingly, an electrical
signal having amplitude components corresponding to
the amplitude modulated signal appears in the output of
the PD 332, and this electrical signal is detected as the
auxiliary signal.
[0158] The processor 333 performs a monitor process-
ing of checking whether or not signal light satisfies, for
example, a power level or an OSNR (Optical to Signal
Noise Ratio) based on the electrical signal corresponding
to the received optical power input from the PD 332. In
response to a detection of the auxiliary signal by the PD
332, the processor 333 may perform a processing (which
may include a monitor control and a measurement) ac-
cording to the detected auxiliary signal.
[0159] The OPM 33 including the optical filter 331 and
the PD 332 may be provided in the node 31. The optical
filter 331 of the OPM 33 can be shared by the optical filter
161 or the optical filter 161a for the above-described mon-

itor 16. In other words, it is possible to realize the above-
described monitor 16 by using the optical filter 331 of the
OPM 33 existing in the node 31.
[0160] For example, when the optical filter 331 is the
tunable optical filter, the optical filter 331 can be used for
the tunable optical filter 161 illustrated in FIG. 8. When
the optical filter 331 is the variable band wavelength op-
tical filter, the optical filter 331 can be used for the variable
band wavelength optical filter 161a illustrated in FIG. 13.
[0161] Therefore, the processor 333 of the OPM 33 is
possible to detect the band change of modulated signal
light in a manner similar to the above-described example
by performing the above-described processing of the
controller 17. In other words, the processor 333 may be
considered to correspond to the controller 17.
[0162] In addition, when the optical filter 331 provided
in the OPM 33 is an optical filter with a fixed passband,
the optical filter 331 is only necessary to be replaced with
the tunable optical filter 161 or the variable band wave-
length optical filter 161a.
[0163] Alternatively, an optical filter 334 corresponding
to the tunable optical filter 161 or the variable band wave-
length optical filter 161a may be added to the OPM 33 in
addition to the optical filter 331. Further, instead of the
PD 332 (or in addition to the PD 332), an optical power
meter 335 may be provided in the OPM 33. The optical
power meter 335 may be considered to correspond to
the above-described optical power meter 162.
[0164] In this way, since the above-described monitor
16 can be achieved by using the existing OPM 33 pro-
vided in the node 31, it is possible to detect the band
change of the main signal light without additional optical
components for the monitor 16 or with the minimum ad-
ditional optical components. Accordingly, it is possible to
implement a function of the monitor 16 on the node 31
at low cost.

Claims

1. An optical transmission apparatus comprising:

an optical modulator (14) that is driven by a drive
signal, the drive signal being generated from an
electrical signal obtained by performing a digital
signal processing on a data signal;
a detector (16) configured to detect a change in
a spectrum of output light of the optical modu-
lator (14); and
a controller (17) configured to control the digital
signal processing based on a detection result of
the detector (16).

2. The optical transmission apparatus according to
claim 1, wherein
the digital signal processing includes a characteristic
compensation processing of the electrical signal,
and
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the controller (17) controls the characteristic com-
pensation processing to compensate for the change
in the spectrum detected by the detector (16).

3. The optical transmission apparatus according to
claim 1, wherein
the digital signal processing includes a processing
of superimposing a frequency signal on the drive sig-
nal, and
the controller (17) changes a frequency of the fre-
quency signal to be superimposed on the drive sig-
nal, according to the detection result of the detector
(16).

4. An optical transmission apparatus comprising:

an optical modulator (14) that is driven by a drive
signal, the drive signal being generated from an
electrical signal obtained by performing a digital
signal processing on a data signal;
a detector (16) configured to detect a change in
a spectrum of output light of the optical modu-
lator (14); and
a controller (172) configured to notify an external
apparatus (2) of information indicative of an oc-
currence of a frequency response characteris-
tics change in the output light of the optical mod-
ulator (14) in response to a detection that the
change in the spectrum detected by the detector
(16) exceeds a predetermined change amount.

5. The optical transmission apparatus according to any
one of claims 1 to 4, wherein the optical modulator
(14) is driven by the drive signal having an amplitude
smaller than an amplitude corresponding to a double
half-wavelength voltage according to the digital sig-
nal processing.

6. The optical transmission apparatus according to any
one of claims 1 to 5, wherein the detector (16) detects
a change in a difference between optical power of a
first band and optical power of a second band, the
first band corresponding to a partial band of the spec-
trum including a center frequency of the spectrum of
the output light, and the second band corresponding
to a partial band of the spectrum different from the
first band.

7. The optical transmission apparatus according to
claim 6, wherein the second band corresponds to a
band including a frequency shifted the center fre-
quency of the first band by a frequency correspond-
ing to half of a baud rate.

8. The optical transmission apparatus according to
claim 6, wherein the second band includes
a band including a frequency shifted from the center
frequency of the first band by a positive frequency

corresponding to half of a baud rate, and
a band including a frequency shifted from the center
frequency by a negative frequency corresponding to
the half of the baud rate.

9. The optical transmission apparatus according to any
one of claims 1 to 5, wherein the detector (16) detects
a change in a difference between optical power of a
partial band of the spectrum and optical power of a
whole band of the spectrum, the partial band includ-
ing a center frequency of the spectrum of the output
light of the optical modulator (14) .

10. The optical transmission apparatus according to any
one of claims 1 to 9, wherein the detector (16) com-
prises a spectrum analyzer (163) configured to
measure the spectrum of the output light of the op-
tical modulator (14).

11. The optical transmission apparatus according to any
one of claims 6 to 8, wherein the detector (16) in-
cludes
a tunable optical filter (161) whose transmission
center frequency is controlled to selectively transmit
light of the first band and light of the second band, and
an optical power meter (162) configured to measure
transmitted optical power of the tunable optical filter
(161).

12. The optical transmission apparatus according to
claim 1, wherein
the optical modulator (14) is able to change a mod-
ulation format according to the digital signal process-
ing, and
the controller (17) variably controls the number of
target points for detecting the change in the spectrum
of the output light of the optical modulator (14) ac-
cording to the modulation format.

13. A detection apparatus comprising:

a drive signal generator (11) configured to gen-
erate a drive signal for an optical modulator (14)
from an electrical signal obtained by performing
a digital signal processing on a data signal; and
a detector (16) configured to detect a change in
a difference between optical power of a first
band and optical power of a second band, the
first band corresponding to a partial band of the
spectrum including a center frequency of the
spectrum of the output light of the optical mod-
ulator (14), and the second band corresponding
to a partial band of the spectrum different from
the first band.

14. The detection apparatus according to claim 13,
wherein the optical modulator (14) is driven by the
drive signal having an amplitude smaller than an am-
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plitude corresponding to a double half-wavelength
voltage according to the digital signal processing.

15. The detection apparatus according to claim 13 or 14,
wherein the second band corresponds to a band in-
cluding a frequency shifted from the center frequen-
cy of the first band by a frequency corresponding to
half of a baud rate.
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